ABSTRACT. Use of molecular markers can be limited by the high cost and extensive time required for their development. Transfer of simple sequence repeat (SSR) markers reduces the cost and time limitations and has allowed the use of these markers in a larger number of species. We tested 11 SSR markers previously developed for Anacardium occidentale on A. humile. The 11 loci were successfully amplified in A. humile. All loci were polymorphic and generated a mean of 5.4 alleles per locus. The observed heterozygosity was lower than the expected heterozygosity under Hardy-Weinberg equilibrium for most loci, with mean values of 0.463 and 0.696, respectively. The endogamy coefficients were positive and significant for seven loci. 4609-4616 (2012) However, the combined probability of paternity exclusion was high, and the combined probability of genetic identity was low. None of the pairs of loci were in linkage disequilibrium. The informative power of these loci demonstrates that they are suitable for studies of diversity and genetic structure of natural populations of A. humile. In addition, the loci are suitable for estimating gene flow between populations, assessing species crossing preferences, and performing interspecific comparisons.
INTRODUCTION
Anacardium humile Saint Hilaire, known as monkey nut "cajuzinho-do-cerrado", is a fruit species native to areas of the Cerrado biome. This species produces a highly sought after nut and pseudofruit and has characteristics and uses similar to the common cashew (A. occidentale), which is the only species of the genus that is grown and distributed throughout the tropical world (Almeida et al., 1998; Vieira et al., 2006) .
A. humile is typically a tropical species that is resistant to environmental stresses and has biological, socioeconomic, and medical importance (Almeida et al., 1998; Londe et al., 2007) . This species also has the general attributes of native fruit, such as nutritional food value (Ribeiro and Rodrigues, 2006) . The species may become vulnerable to conditions that include rampant extractivism and degradation of native habitats. Moreover, the lack of studies on the population characteristics may pose an even greater threat to the survival of the species over time and space. Therefore, the use of tools for analyzing the genetic patterns of natural populations is critical for preserving the existing levels of genetic variation in the species. Microsatellite markers, or simple sequence repeats (SSRs), are short DNA sequences of 1 to 6 pairs of nucleotides that are repeated in tandem and scattered throughout the genomes of eukaryotes and can be found in prokaryotes (Tautz, 1989; Weber and May, 1989; Ellegren, 2004) . Microsatellite markers are very popular in population genetic studies (Barbará et al., 2007; Guichoux et al., 2011) because of codominance and their highly polymorphic and informative nature. Polymorphisms arise from the high mutation rates in microsatellite regions and result primarily from variability in length rather than variability in the main sequence (Weber and May, 1989; Tautz, 1989) . The use of microsatellite markers in several studies has generated data regarding the diversity and genetic structure of natural populations, dispersal patterns of genes, crossbreeding systems, effective population-size, and evolutionary relationships between species. The use of these markers has provided basic knowledge of evolution and has promoted conservation, sustainable use, breeding, and genetic mapping of species (Zucchi et al., 2003; Hardy et al., 2006; Ellis and Burke, 2007; Takezaki and Nei, 2008; Cristofani-Yaly et al., 2011) .
Several studies have shown that the homology of DNA sequences in microsatellite flanking-region pairs has allowed SSR markers that have been developed for one species to be transferred to another species of the same genus or even different genera (Zucchi et al., 2002; Ciampi et al., 2008; Ekué et al., 2009; Feres et al., 2009; Litrico et al., 2009; Elazreg et al., Use of SSR markers from A. occidentale to A. humile 2011; Cristofani-Yaly et al., 2011) . The success of marker transfer is inversely proportional to the evolutionary distance between the 2 species (Schlotterer et al., 1991; Moore et al., 1991; FitzSimmons et al., 1995; Rossetto, 2001) . Transferability between related species also allows the assessment of loci not included in the isolation of microsatellites in a species and/or the assessment of loci in species with a low frequency of repetitive regions, which complicates the isolation of loci (Oliveira et al., 2006) . Considering the possibility of transferring markers between related species, we study aimed to evaluate the potential for using SSR markers previously developed for A. occidentale in A. humile and to characterize the SSR markers for this species.
MATERIAL AND METHODS

DNA extraction and amplification of SSR loci
Forty adult A. humile individuals were collected for the analysis of transferability and characterization of microsatellite loci in areas of Cerrado, where they naturally occur (the northern part of the State of Minas Gerais, Brazil). Genomic DNA was isolated from the leaf tissue of each individual by following the methodology proposed by Doyle and Doyle (1987) .
The amplification of 11 SSR loci, previously developed for A. occidentale (Croxford et al., 2006) (Table 1) , was analyzed using polymerase chain reaction (PCR) in A. humile. The PCRs were performed using a final volume of 15 μL containing 1X buffer (10 mM Tris-HCl, pH 8.4, and 50 mM KCl), 0.7 μM of each pair of primers, 0.25 mM dNTPs, 1 U Taq DNA polymerase, 0.25 mg bovine serum albumin, the optimal concentrations of MgCl 2 (mM) and formamide (%) for each pair of primers, and 9 ng DNA.
Locus
Primer sequence (5'-3') Motif repetition Tm (°C) AAS (bp) All reactions were performed using a Veriti Thermal Cycler (Applied Biosystems, CA, USA), according to a PCR protocol that consisted of a preliminary denaturation step at 94°C for 5 min; 35 cycles of 94°C for 1 min, the annealing temperature established for each pair of primers for 1 min, and 72°C for 1 min, and a final extension step at 72°C for 7 min.
The PCR products were separated on a 5% polyacrylamide gel by electrophoresis with 1X Tris-borate-EDTA buffer and were stained with 1 mg/mL ethidium bromide. A 50-bp molecular weight marker was used to estimate the size of the alleles.
Characterization of loci
The number of alleles per loci, observed heterozygosity (H O ), and expected heterozygosity (H E ) under Hardy-Weinberg equilibrium and Wright's fixation index (ƒ) were estimated using the GDA 1.1 Genetic Data Analysis software (Lewis and Zaykin, 2001 ). The deviation from Hardy-Weinberg equilibrium and the linkage disequilibrium for pairs of loci were examined using the FSTAT 2.9.3.2 program with Bonferroni's correction (Goudet, 2002) . The probability of genetic identity (I) (Chakravarat and Li, 1983 ) and the probability of paternity exclusion (Q) (Weir, 1996) were estimated from the frequency of alleles at each locus. The combined probabilities of paternity exclusion (QC) and genetic identity (IC) were calculated using the following formulae: QC = 1 -[Π(1 -Qi)] and IC = ΠIi. The Micro-Checker 2.2.3 program (Van Oosterhout et al., 2004 ) was used to assess the presence of null, stutter, and dropout alleles in A. humile genotypes (Table 1) .
RESULTS AND DISCUSSION
Transferability of SSR markers
Successful amplification of the 11 SSR markers was achieved in A. humile with 100% polymorphism (Table 2 ). The amplitude of allele-size found in A. humile loci was close to the expected interval based on A. occidentale, except for the mAoR55 locus, which showed an allele-size that was larger than the predicted value (Table 1) .
Similar transferability rates for microsatellite markers with high levels of polymorphism have been reported in other studies of plants such as Arachis (Bravo et al., 2006) and Hymenaea (Ciampi et al., 2008) or those from different genera such as among the species of the Poaceae family (Elazreg et al., 2011 ). These results demonstrate that several species, which may or may not be closely related, can be analyzed without the need for designing specific primers. Rossetto (2001) has suggested that finding functional SSR primers is possible even among distantly related species. However, according to Jensen et al. (2007) , a higher transferability rate is positively correlated, in general, with the phylogenetic relationship between species. Therefore, the efficacy of SSR marker transferability from A. occidentale to A. humile reflects the conservation of regions between these congeneric species with homology in the microsatellite flanking regions. Moreover, the potential for using these markers for genomic analyses of populations of this species is highlighted by the percentage of polymorphic loci.
Characterization of the polymorphic SSR loci
A total of 59 alleles were generated, with an average of 5.4 alleles per locus. We observed loci with 3 (mAoR7 and mAoR48) to 8 (mAoR11) alleles. The average number of alleles per locus was less than those found for Eugenia dysenterica (10.4) (Zucchi et al., 2002) and Festuca arundinacea (7.8) (Elazreg et al., 2011) . The observed number of alleles per locus was closer to the values observed for Hymenaea stigonocarpa (6.43) (Ciampi et al., 2008) , Dactylis glomerata (5.45), Lolium perenne (4.50) (Litrico et al., 2009) and Blighia sapida (3.7) (Ekué et al., 2009 ). Albaladejo et al. (2008) suggested that the number of alleles per locus observed for microsatellite loci in Pistacia lentiscus (3-13 alleles) provides highly informative content for the loci in population studies. Similarly, the richness of alleles for loci found in the present study may be useful for future research on the species.
The maximum number of alleles per locus was 5 in A. occidentale. This maximum number was found at locus mAoR17 (Croxford et al., 2006) , which showed 4 alleles in A. humile. However, among the other markers analyzed in this study, the number of alleles per locus was higher in A. humile than in A. occidentale. Croxford et al. (2006) suggested that the close genetic relationship of the sampled trees resulted in the limited number of alleles detected in A. occidentale. A greater number of alleles was detected for B. sapida in natural populations than in planted populations, and the level of heterozygosity was also lower in the planted populations (Ekué et al., 2009 ). Thus, the results observed for A. humile indicate that the individuals sampled for the characterization of the loci show considerable variation because they belong to natural populations of this species.
The H O was lower than the H E under Hardy-Weinberg equilibrium for 7 of the 11 loci analyzed. Heterozygosity ranged from 0 (mAoR07 and mAoR48 loci homozygotes) to 0.545 (mAoR55 locus). An excess of heterozygotes was observed for the mAoR03, mAoR06, mAoR29, and mAoR46 loci because H O was higher than H E for these loci; however, the mean value for H O (0.463) was lower than that for H E (0.696). Consequently, positive and significant values for the coefficient of endogamy (f) were observed for most loci. Only the mAoR03, mAoR06, mAoR29, and mAoR46 loci were in Hardy-Weinberg equilibrium, with values of f that were not significantly different from 0 (P > 0.00455) ( Table 2) . Similar results for H E and H O were found in a population of P. lentiscus L. by using specific microsatellite markers (H E ranged from 0.291 to 0.848 and H O from 0.143 to 0.762) (Albaladejo et al., 2008 ). The mean values for H O and H E were also close to those found with heterologous SSR in H. stigonocarpa (0.389 and 0.601, respectively) (Ciampi et al., 2008) and in 2 populations of Tabebuia roseoalba (with average H O of 0.416 and 0.490 and H E of 0.773 and 0.740) (Feres et al., 2009 A = number of alleles per locus; H E = expected heterozygosity; H O = observed heterozygosity; f = coefficient of endogamy; Q = probability of paternity exclusion; I = probability of genetic identity; QC = combined probability of paternity exclusion; IC = combined probability of genetic identity. ns = non-significant values (P > 0.00455). We found 100% homozygotes at 2 loci (mAoR07 and mAoR48), with H O equal to 0. At 6 and 10 loci, at least 53.6 and 55.6%, respectively, of the individuals were heterozygotes. These estimates reveal a satisfactory level of heterozygosity for diagnosing the levels of genetic diversity in populations. This level of heterozygosity is also effective for breeding programs and genetic mapping, in accordance with approaches described by other authors (Ciampi et al., 2008; Feres et al., 2009; Cristofani-Yaly et al., 2011) .
The QC was high. The value was highest for the mAoR11, mAoR29, mAoR46, and mAoR55 loci, which exhibited a greater number of alleles per locus, and lowest for the mAoR07 and mAoR48 loci, which exhibited fewer alleles. The IC was low because several loci showed low values for the probability of genetic identity (Table 2) . No linkage disequilibrium was found among the pairs of loci analyzed.
Few loci did not have significant values for the coefficient of endogamy, with high QC values and low IC values. Furthermore, none of the pairs of loci showed linkage disequilibrium in A. humile. However, the transferred microsatellite markers are suitable for studies of kinship, in accordance with the results observed in A. occidentale, in which all loci showed independent behavior (Croxford et al., 2006) . Collevatti et al. (1999) have suggested that the high combined probability of paternity exclusion (0.99) found for SSR markers developed for Caryocar brasiliense enables detailed studies of kinship in natural populations, even without a priori knowledge of maternity and paternity of the individuals. Similarly, for P. lentiscus, polymorphic SSR markers provide enough variation (and probability of exclusion >99%) to enable studies of patterns of gene flow (Albaladejo et al., 2008) , which provides useful information for conservation programs and restoration of species. The analyses indicate that null alleles may be present at most loci because of excess homozygotes. The presence of stutter may have generated a genotyping error only at the mAoR48 loci, and no evidence of dropout was found for any of the loci. Evidence for the presence of null alleles may not be a feature of loci but of individuals in the population sampled, according to the suggestions of Ciampi et al. (2008) . An analogous result has been reported for T. roseo-alba, for which the presence of null alleles was suggested for most loci examined. However, examination of the mating system in populations revealed that the presence of null alleles was detected at few loci (Feres et al., 2009) . Dev et al. (2011) have reported that the presence of null alleles does not change the spatial genetic structure in Ficus hispida and F. exasperata because similar spatial genetic structure values were also found when using only those loci that showed no sign of null alleles.
CONCLUSION
The transfer of all SSR markers to A. humile was successfully accomplished. Because of the high information content offered, the markers transferred and characterized in this study are robust tools for genetic analyses of populations of A. humile and genetic diversity, partitioning of genetic variation within and among natural populations, mating systems, gene flow, genomic mapping, and evolutionary relationships.
